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a b s t r a c t
The present study was carried out to examine how the event-related potentials to fragmentation predict
recognition success. Stimuli were abstract meaningless ﬁgures that were either complete or fragmented
to various extents but still recoverable. Stimuli were ﬁrst encoded as part of a symmetry discrimination
task. In a subsequent recognition phase, encoded stimuli were presented complete along with never pre-
sented stimuli and participants performed an old/new discrimination task. Fragmentation stimuli elicited
more negative ERPs than complete ﬁgures over the frontal, central and parietal areas between 180 and
260 ms, and over the occipito-temporal areas between 220 and 340 ms. Only this latter effect was mod-
ulated as a function of whether stimuli were recognized or not during the recognition phase of the mem-
ory test. More speciﬁcally, the effect occurred for stimuli that were later forgotten and was absent for
stimuli that were later recognized. This ERP to fragmentation, the occipito-temporal Nfrag, possibly
reﬂects the brain response to encoding difﬁculty, and is thus predictive of recognition performance.
 2011 Elsevier Inc. All rights reserved.
1. Introduction
In everyday life, people can recognize objects viewed a second
time despite ﬁrst perceiving them in impoverished conditions. This
happens because the perception taking place in impoverished con-
ditions is generally extrapolated well beyond the available infor-
mation captured by the retina. Sometimes, this perception may
have precedence over the perception of available information
and induce a bias with respect to what will later be remembered.
This memory bias was reported by Foley and colleagues (1997).
Their participants were ﬁrst shown complete and fragmented pic-
tures of objects and, later, with names of these objects. When
asked to use these words for recollecting the picture version (i.e.,
complete or fragmented) from memory, participants tended to
over-categorized fragmented objects as having been presented
complete. In a different approach, Snodgrass and her colleagues
used recognition (Snodgrass & Hirshman, 1994) and implicit frag-
ment completion (Snodgrass & Feenan, 1990) memory tasks to ver-
ify whether fragmented objects could be recollected as well as
complete ones. In the former study, subjects encoded line drawings
that were complete or fragmented by a partial deletion of their
contours. Depending on the magnitude of the deletion, imagining
the stimulus as complete and identifying it was either possible
(i.e., recoverable stimuli) or not (i.e., unrecoverable stimuli). In
the recognition phase, participants were presented with the com-
plete version of the encoded objects and with never seen (i.e.,
new) objects. Recoverable stimuli were better recognized than
unrecoverable stimuli, suggesting that cognitive processes in re-
sponse to fragmentation, which likely contributed to the integra-
tion of the fragments into a well deﬁned global form, may
improve recognition.
The contribution of fragmentation processing on recognition
can be directly assessed by computing the event-related potentials
(ERPs) evoked across different levels of fragmentation and by
examining whether the resulting ERP effects predict recognition
performance. Fragmentation processing has been associated with
several ERP components that all had negative polarity and peaked
between 200 and 450 ms. The Ncl (standing for negativity to clo-
sure) is one of these ERPs. The ﬁrst Ncl to have been described
started approximately at 230 ms and peaked around 290 ms over
occipito-temporal scalp sites (Doniger et al., 2000). It was obtained
by presenting the stimuli following the ascending method of limits
(Snodgrass, Smith, Feenan, & Corwin, 1987). Stimuli ﬁrst appear in
a very fragmented version and, gradually, several contour frag-
ments are added until participants succeed at object identiﬁcation.
Doniger et al. (2000) found that the voltage of the Ncl became
incrementally more negative as levels of fragmentation ap-
proached the level of identiﬁcation, with a particularly marked
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change of amplitude at identiﬁcation. A second well-established
ERP in response to fragmentation is the N350, a frontal negativity
ﬁrst described by Schendan and Kutas (2002). In one task, pictures
were presented according to the ascending method of limits. Pic-
tures presented two fragmentation levels prior to identiﬁcation
elicited a larger N350 than identiﬁed pictures, a result opposite
to the Ncl modulation, which was rather larger at identiﬁcation.
In other tasks, an N350 modulation was also found between
unidentiﬁed and identiﬁed objects that were fragmented at the
same level and which were therefore controlled for physical dis-
similarities. Schendan and Kutas (2002) assumed that their frontal
N350 and the temporo-occipital Ncl reﬂect identical processes and
argued that their difference of scalp distribution was due to the use
of different electrodes of reference (on the nose in Doniger et al.,
2000 and on the left mastoid, recomputed ofﬂine to the averaged
mastoids in Schendan & Kutas, 2002). Negativities revealed with
comparable paradigms do not systematically peak at the same
latencies. For instance, the Ncl recorded by Sehatpour and
colleagues (2006) peaked at 320 ms, 30 ms later than the ﬁrst
reported Ncl. Latencies might thus be highly sensitive to subtle
variables across experiments and to differences between groups
of participants. Differences between the Ncl and the N350, how-
ever, go beyond simple difference of latencies and it would be pre-
mature to conclude that they are the expression of the same brain
processes (see also Sehatpour et al., 2006 for further arguments).
In the ERP studies described above, the landmark signaling
when the brain has successfully managed fragmentation is the
accurate identiﬁcation of the stimulus or its recognition from a
set of stimuli previously encoded. One may assume that prior to
the identiﬁcation, knowledge associated with the stimuli is well
controlled and causes no confounding effect on fragmentation pro-
cessing. In fact, the inability to identify a stimulus does not signify
that there is no associated knowledge. It is indeed possible that,
prior to identiﬁcation, some pieces of the contour are locally inte-
grated into a meaningful but partial structure which alone is insuf-
ﬁcient to allow full identiﬁcation of the object (Doniger et al.,
2000). For instance, perceiving the legs of a fragmented horse is en-
ough to determine that the stimulus is an animal but not sufﬁcient
to identify the horse. It is also possible that the perception of only
several fragments is sufﬁcient to correctly identify the whole ob-
ject. Therefore, identiﬁcation does not necessarily mean that frag-
ments have all been fully processed or closed.
The potential effect of associated knowledge on the identiﬁca-
tion of the stimuli can be attenuated by using abstract ﬁgures in-
stead of recognizable objects. Fragments of gabors (cosine
patches within a gaussian window) (see Hess & Field, 1999 for a re-
view) delineating very simple shapes elicit negative components of
the ERPs but they generally peak earlier than the negativities ob-
tained with recognizable objects (Mathes, Trenner, & Fahle,
2006). A second way to control for potential effects of associated
knowledge consists in modulating fragmentation within the limits
of recoverability. In such conditions, all stimuli beneﬁt from the
contribution of associated knowledge equally and only fragmenta-
tion varies across conditions. ERP modulations across recoverable
stimuli have not been extensively examined. Stuss and colleagues
(1992) compared the ERPs to stimuli that were incomplete to dif-
ferent extents but were all correctly identiﬁed. Their results indi-
cate that between 250 and 450 ms, at Cz, the amplitude was
more negative to stimuli that were the most incomplete. Taking
a different approach, Viggiano and Kutas (1998), Viggiano and
Kutas (2000) compared the ERPs evoked at the identiﬁcation level
with those at one higher level with more fragments added to the
stimulus. Consistent with the results of Stuss and colleagues (Stuss
et al., 1992), the amplitude was more negative for the identiﬁca-
tion level, thus for the most fragmented level. The authors men-
tioned that this effect was restricted to posterior sites, but the
electrodes, as well as the latencies, were not speciﬁed more pre-
cisely. A visual inspection of the ERPs depicted in their Fig. 8 (p.
114) (Viggiano & Kutas, 2000), however, suggests that the effect
peaked somewhere between 200 and 300 ms.
The present study tested whether the ERP effect to fragmenta-
tion are predictive of the subsequent recognition in a memory rec-
ognition task. Figures were abstract and meaningless and the
encoding task targeted a physical aspect of the stimuli, namely
their symmetry (Boucart & Humphreys, 1994). To further control
for semantic effect, fragmentation was manipulated within the
limits of recoverability. Figures could thus all be imagined com-
plete but the effort to achieve this changed as a function of frag-
mentation levels. Fragmentation elicited a brain correlate
referred to as the Nfrag (standing for negativity to fragmentation).
The magnitude of the Nfrag can only be assessed if contrasted to
the ERPs evoked by a control ﬁgure involving no fragmentation
processing. This latter was a complete ﬁgure, and the comparison
of its ERPs with the Nfrag was referred to as the Nfrag effect.
Based on the results of Stuss and colleagues (1992) and Schendan
and Kutas (2002), we expected an Nfrag effect to be elicited mainly
over central and posterior scalp areas. The effect of fragmentation
on encoding was tested by comparing the Nfrag effect of stimuli
subsequently recognized with the Nfrag effect of stimuli subse-
quently forgotten. Predictions about these effects depend on the
nature of the processes underlying the Nfrag and how efﬁcient
they are. On the one hand, the Nfrag may reﬂect a successful percep-
tual closure of the ﬁgure that necessarily improves recognition.
Accordingly, the Nfrag effect should be greater between the com-
plete and fragmented stimuli that were subsequently recognized.
On the other hand, the Nfrag could reﬂect a brain response to a
perceptual problem and the compensatory processes engaged to
overcome this problem. Since this problem would likely hinder
subsequent recognition, the Nfrag effect should be greater for
ﬁgures that were subsequently forgotten.
2. Methods
2.1. Subjects
Twenty-ﬁve participants (9 females) aged between 21 and 30
were recruited, though one had to be excluded from the analyses
because of his performance (see the behavioral analyses section).
All met the inclusion criteria typically used for ERP studies, in that
they were right-handed and had normal or corrected-to-normal vi-
sion. All participants reported that they and their ﬁrst-degree rel-
atives had no history of neurological or psychiatric disorders.
Participants provided written consent on a form approved by the
Douglas Institute Research Ethics Board.
2.2. Stimuli
Stimuli were 400 abstract ﬁgures not associated with a priori
knowledge. Figures were built from an 8  8 grid measuring
6 cm  6 cm on the computer screen (8.5 of visual angle) (see
Brodeur, Pelletier, & Lepage, 2008b for further details). Example
stimuli are depicted in Fig. 1. Half of the ﬁgures were symmetric
across the vertical axis and half were asymmetric. The contours
of 150 ﬁgures were fragmented by means of creating gaps with
lengths totaling 70% of the remaining fragment lengths. None of
these fragments were removed in 50 ﬁgures, the Frag-0% ﬁgures
(e.g., the ﬁrst ﬁgure of the encoding session in Fig. 1). In 50 other
ﬁgures, 15% of the fragments were removed (e.g., the third ﬁgure
of the encoding session in Fig. 1) and in 50 different ﬁgures 25%
were removed (e.g., the fourth ﬁgure of the encoding session
in Fig. 1). These ﬁgures constitute what we have labeled the
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Frag-15% and Frag-25% conditions, respectively. The proportion of
removed fragments is far from the proportion necessary to prevent
identiﬁcation of the Snodgrass and colleagues (1987) stimuli. Thus,
all fragmented stimuli were recoverable including those in the
most fragmented condition. The meaningfulness of the ﬁgures was
veriﬁed by presenting all ﬁgures to 195 undergraduate students
and asking them to note those that evoked something meaningful.
An evocative score was computed for each ﬁgure by averaging the
number of students for whom the ﬁgure was meaningful and
converting this value into a percentage. Evocative scores were
14% with the complete (SD: 11) and Frag-0% (SD: 12) ﬁgures, and
13% with the Frag-15% (SD: 10) and Frag-25% (SD: 13) ﬁgures.
No difference between ﬁgures reached signiﬁcance.
2.3. Procedure
The experiment was divided in 10 blocks. Blocks each included
an encoding and a recognition phase. Fig. 1 illustrates the experi-
mental design. In each encoding phase ﬁve complete ﬁgures and
ﬁve ﬁgures of each level of fragmentation were randomly pre-
sented twice. Duration of the presentation was ﬁxed at 4 s and
was followed by a blank screen with a ﬁxation cross for 1.5 s. Par-
ticipants were instructed to judge whether ﬁgures were symmetric
or asymmetric by pressing on two different keys of the keyboard
with their right index ﬁnger. Symmetry was counterbalanced
across ﬁgures. Each encoding phase was immediately followed
by a recognition task in which the encoded ﬁgures as well as 20 no-
vel ﬁgures were shown, the latter of which were also counterbal-
anced for symmetry. All ﬁgures were presented in their
unfragmented version in the recognition phase. Stimuli were pre-
sented for 2.5 s with an inter-stimulus interval of 3 s. Participants
performed an old/new discrimination task and again provided
their responses by pressing on two different keys on the keyboard
with their right index ﬁnger. Total experimental duration was 1 h
and 40 min.
2.4. EEG acquisition
The EEG was captured by 28 tin electrodes mounted in an elas-
tic cap of 32 electrodes placed according to the 10–20 system. Elec-
trodes were also placed on the external canthi and below the eyes
to record the EOG and monitor eye blinks and ocular movements.
Impedances in all channels were set below 5 kX. The signal was
referenced to the right ear lobe and re-referenced ofﬂine to linked
ears. High and low pass ﬁlters with half-amplitude cut-offs set at
0.01 and 100 Hz, respectively, were used in addition to a 60 Hz
electronic notch ﬁlter. Signals were ampliﬁed 20,000 times and
digitized at a sampling rate of 500 Hz.
2.5. Behavioral analyses
Analyses were conducted on reaction times and percentages of
stimuli correctly classiﬁed as symmetric/asymmetric in the encod-
ing task and old/new in the recognition task. The Hit rate was the
percentage of old ﬁgures correctly responded to in the recognition
task, and included more symmetric ﬁgures than asymmetric
ﬁgures but the proportion was comparable across conditions (com-
plete: 40% asymmetric/60% symmetric, Frag-0%: 40/60%, Frag-15%:
41/59%, Frag-25%: 37/63%). Two-way within-subjects analyses of
variance (ANOVAs) were performed, with stimulus fragmentation
(4 levels: complete, Frag-0%, Frag-15%, Frag-25%) and subsequent
recognition (2 levels: recognized, forgotten) as factors. The symme-
try factor was not included in the model as it is not in the focus of
our study and would considerably reduce the number of stimuli
included in the averaged conditions of the ERP analyses. One
participant performed at the chance level on the recognition task.
He recognized between 50% and 52% of the old ﬁgures across the
four levels of fragmentation and correctly rejected 48% of the
new ﬁgures. This participant was thus excluded from the behav-
ioral and ERP analyses.
2.6. ERP analyses
Epochs from 200 to 500 ms were extracted from the EEG and
submitted to an ofﬂine automatic rejection procedure. Rejection
criteria were saturations for more than 100 ms and amplitudes
reaching ±100 lV. No eye artefact correction was used. For each
subject, the accepted trials of all blocks were averaged in accor-
dance with the condition to which they belonged. The ﬁrst and re-
peated presentation of the stimuli during encoding were averaged
together because repetition had no impact (F(1, 24) = 0.02,
p = .8872) within the time-window deﬁned below and because it
did not interact with the fragmentation condition (F(15, 360) =
1.07, p = .3620). The trials were averaged together as a function
of their fragmentation but also as a function of their subsequent
recognition. This latter variable was necessary to fulﬁll our main
objective and see whether the brain response to fragmentation
during stimulus encoding was determinant for the stimulus at
subsequent recognition.
The negativity to fragmentation was identiﬁed as the ERP com-
ponent that was more negative for the fragmentation conditions as
compared to the complete condition between 180 and 450 ms. Be-
cause our stimuli were visually simpler, this time-window started
slightly earlier than those used by Stuss and colleagues (1992) and
by Viggiano and Kutas (1998), Viggiano and Kutas (2000). The
analyses were conducted on three subsets of electrodes, each of
which covered an area where modulation to fragmentation has
been reported in the literature. The ﬁrst subset covered the occip-
ito-temporal area and included the electrodes O2, O1, T6, and T5
(Doniger et al., 2000). The second subset covered the centro-parietal
area and included the electrodes Cz, C4, C3, Cp4, Cp3, Pz, P4, P3
(Stuss et al., 1992). The third subset covered the frontal area and
included the electrodes Fp2, Fp1, F4, and F3 (Viggiano & Kutas,
1998; Viggiano & Kutas, 2000). The negativity found in each of
these three subsets had different latencies. Accordingly, different
Fig. 1. Experimental design with example stimuli for each condition. Stimuli in the
encoding phase were symmetric or asymmetric and were complete or fragmented
at various levels. The ﬁgures depicted as examples are a Frag-0% asymmetric ﬁgure,
a complete asymmetric ﬁgure, a Frag-15% symmetric ﬁgure, and a Frag-25%
symmetric ﬁgure. All encoded stimuli were presented complete in the recognition
phase along with novel stimuli.
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time-windows were used for analyzing the modulation to
fragmentation. The time-windows were 220–340 ms for the
occipito-temporal subset and 180–260 ms for the frontal and
centro-parietal subset.
The ANOVA model used for each measure (frontal Nfrag, centro-
parietal Nfrag, occipito-temporal Nfrag) had electrode (4 levels in
frontal and occipito-temporal subset, and 6 levels in the centro-
parietal subset), hemiscalp (2 levels: left, right), fragmentation (4
levels: complete, Frag-0%, Frag-15%, Frag-25%), and subsequent
recognition (2 levels: recognized, forgotten) as within-subjects fac-
tors. The electrodes Pz and Cz could not be included in this model
because of the hemiscalp factor. A separate analysis was thus con-
ducted with two levels for the electrode factor and no hemiscalp
factor. ERP modulation to fragmentation, the Nfrag effect, was ﬁrst
visually inspected to delineate the time-windows described above.
The Nfrag effect was thereafter examined as a function of the subse-
quent recognition. Additional analyses were also carried out sepa-
rately for each level of fragmentation to determine the source of
the interaction. The Geisser and Greenhouse procedure for viola-
tion of sphericity was used to correct degrees of freedom for factors
that had more than two levels. The epsilon values, as well as the
original degrees of freedom and corrected p values are presented.
3. Results
3.1. Behavioral results
Behavioral results are illustrated in Fig. 2. Results from all ﬁgures
irrespective of their subsequent recognition show that 97.0% (SD:
3.9) of encoding ﬁgures were correctly classiﬁed as symmetric or
asymmetric, demonstrating that subjects had little difﬁculty per-
forming this task. The scores were 98.2% (SD: 3.7) for the complete
condition, 97.9% (SD: 3.1) for the Frag-0% condition, 96.7% (SD:
4.1) for the Frag-15% condition, and 95.4% (SD: 4.6) for the Frag-
25% condition. The high levels of performance substantially reduced
the variances and brought themain effect of fragmentation to a sta-
tistical signiﬁcant level (F(3, 69) = 7.59, p = .0006). The effect of frag-
mentation did not interact with the subsequent recognition factor
(F(3, 69) = 0.21), and the subsequent recognition effect was not sig-
niﬁcant (F(1, 23) = 0.60).When considering reaction time, amain ef-
fect of fragmentation was observed, (F(3, 69) = 12.63, p < .0001).
Shortest response times were recorded for complete ﬁgures (1259,
SD: 470 ms) and Frag-0% ﬁgures (1255, SD: 463 ms), with a signiﬁ-
cant increase for Frag-15% ﬁgures (1338, SD: 523 ms) as compared
to the Frag-0% (F(1, 23) = 11.81, p = .0023) and a signiﬁcant increase
for Frag-25%ﬁgures (1392, SD: 528 ms) as compared to the Frag-15%
(F(1, 22) = 5.96, p = .0227). As with accuracy, there was no main ef-
fect of subsequent recognition or interaction between this factor
and fragmentation.
In the recognition task, 65.2% (SD: 12.5) of old ﬁgures and 69.2%
(SD: 12.7) of new ﬁgures were correctly classiﬁed. Hit rate was
73.3% (SD: 14.1) for the complete condition, 70.5% (SD: 11.3) for
the Frag-0% condition, 62.1% (SD: 10.7) for the Frag-15% condition,
and 54.8% (SD: 13.8) for the Frag-25% condition. Note that ﬁgures
of the Frag-0%, -15%, and -25% conditions were presented in their
complete version in the recognition phase. The main effect of frag-
mentation was signiﬁcant (F(3, 69) = 24.60, p < .0001). T-tests indi-
cated that the decrease of accuracy between the complete and the
Frag-0% conditions was not signiﬁcant (t(23) = 1.46, p = .1589), in
contrast with the decreases between the Frag-0% and Frag-15%
(t(23) = 4.91, p = .0001), and between Frag-15% and Frag-25%
(t(23) = 2.68, p = .0134), which were both signiﬁcant. When
considering reaction times, a signiﬁcant main effect of fragmenta-
tion was observed (F(1, 22) = 18.85, p < .0001). Reaction times for
recognizing complete (1343, SD: 378 ms) and Frag-0% ﬁgures
(1334, SD: 308 ms) at encoding did not signiﬁcantly differ. Figures
of the Frag-15% condition were recognized more slowly (1492, SD:
397 ms) than those of the Frag-0% condition (t(23) = 5.01,
p < .0001) and not signiﬁcantly faster than the ﬁgures of the
Frag-25% condition (1503, SD: 342 ms) (t(23) = 0.35, p = .7323).
3.2. ERPs as a function of fragmentation
Fig. 3 depicts ERPs to the four levels of fragmentation. The centro-
parietal and frontalNfrag are perceptible overmost of the electrodes.
Over the central electrodes, and particularly C4, these effects have
the appearance of a negative ‘bump’ embedded in the slope of the
broad P3. The ANOVA conducted in the 180–260 time-window re-
vealed a fragmentation effect at the centro-parietal (F(3, 69) =
6.48, p = .0020) and frontal subsets (F(3, 69) = 7.91, p = .0005). The
effect was also signiﬁcant at Pz and Cz (F(3, 69) = 4.14, p = .0155)
but not at the occipito-temporal subset. There was no main effect
of subsequent recognition (all F(1, 23) < 2.81) and this factor did
not interact with fragmentation (all F(3, 69) < 1.59). The Nfrag re-
corded over occipito-temporal areas started later than the frontal
and central Nfrag. The occipito-temporal Nfrag is the negative deﬂec-
tion embedded in the P3. It is clearly perceptible over the occipital
electrodes where the difference of amplitude between the complete
condition and the fragmented condition is the greatest in the time-
window of 220–340 ms. Result from the ANOVA conducted for this
time-window indicated that the fragmentation effect was signiﬁ-
cant (F(3, 69) = 4.45, p = .0254), but that it did not interact with the
electrodes and/or the hemiscalp factors. ERPmodulations as a func-
tion of fragmentation within the 220–340 ms time-window were
also tested with the other subsets of electrodes. No main effect of
fragmentation reached signiﬁcance but the fragmentation and elec-
trode factors interacted signiﬁcantly at the centro-parietal subset
(F(3, 69) = 3.63, p = .0170, e = .501). Further analyses indicated that
this interaction was due to a main effect of fragmentation that was
found over P4-P3 (F(3, 69) = 5.54, p = .0039) but not over the other
electrodes of the subset.
3.3. ERPs as a function of recognition
Fig. 4 depicts the occipito-temporal Nfrag as a function of subse-
quent recognition. It can be seen that the magnitude of the occipito-
temporal Nfrag effect is larger with ﬁgures that are subsequently
forgotten than with ﬁgures that are subsequently recognized. Re-
sult from the ANOVA conducted for the 220–340 ms time-window
indicated that the fragmentation  subsequent recognition inter-
action was signiﬁcant (F(3, 69) = 4.50, p = .0121, e = .768). The same
ANOVA also reached signiﬁcance (F(3, 69) = 3.49, p = .0307,
e = .707) when conducted on the ERPs to the ﬁgures at their ﬁrst
presentation, thus excluding the repeated trials from the grand
averages. No such interaction was found at other subsets or in
the other time-windows. The fragmentation  subsequent recog-
nition interactions conducted between the complete and the frag-
mented conditions were signiﬁcant between the complete and
Frag-15% conditions (F(1, 23) = 5.51, p = .0278) and between the
complete and Frag-25% conditions (F(1, 23) = 12.60, p = .0016) but
not between the complete and Frag-0% conditions. Additional anal-
yses were conducted to test separately the fragmentation effect in
the recognized and forgotten ﬁgures. Results showed that the frag-
mentation effect was signiﬁcant with the forgotten ﬁgures
(F(3, 69) = 4.95, p = .0050) but not with the recognized ones.
The occipito-temporal Nfrag modulation of each level of frag-
mentation was also statistically tested as a function of subsequent
recognition. Signiﬁcance differences emerged with the complete
and the Frag-25% ﬁgures. The former had larger amplitude when
subsequently recognized than subsequently forgotten (F(1, 23) =
4.43, p = .0473). Frag-25% ﬁgures subsequently forgotten evoked
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larger Nfrag. (F(1, 23) = 6.10, p = .0215). Effect of subsequent recog-
nition is presented in Fig. 5 for each fragmentation condition.
4. Discussion
Consistent with previous reports (Schendan & Kutas, 2002;
Stuss et al., 1992), the present results showed that the fragmented
ﬁgures evoked more negative ERPs than complete ﬁgures between
180 and 340 ms. This ERP, the Nfrag, was not signiﬁcantly different
across fragmented stimuli, thus suggesting that once stimuli are
recoverable, the Nfrag is no more affected by fragmentation. Further
analyses showed that the occipito-temporal Nfrag effect starting
around 220 ms varied as a function of subsequent recognition. It
was signiﬁcant for stimuli subsequently forgotten but not signiﬁ-
cant for stimuli subsequently recognized. This interaction was dri-
ven by the complete and Frag-25% ﬁgures which had their Nfrag
respectively increased and decreased by subsequent forgetting.
These results thus suggest that when an occipito-temporal Nfrag ef-
fect occurred, the chances of recognizing the stimuli were compro-
mised. Several propositions will be discussed below to account for
the Nfrag effect on the basis of these observations.
4.1. The effect of recoverability on fragmentation processing
Symmetry of ﬁgures was accurately determined (between 95%
and 98%), conﬁrming that fragmented ﬁgures were recoverable.
Recoverability, implemented to control for semantic confound ef-
fects, had important inﬂuences on the results and should be con-
sidered in the interpretation of the data. First, it might explain
the lack of ERP differences across the three levels of fragmentation.
A mental effort was necessary to monitor the fragmentation, as
indicated by the occipito-temporal Nfrag but this effort was probably
kept at a minimum throughout all levels because ﬁgures were all
recoverable. Greater disparity between the levels of fragmentation
might have been needed to observe a change in the occipito-
temporal Nfrag across the levels of fragmentation. The recoverabil-
ity of the ﬁgures might also account for an important discrepancy
between the present results, showing that fragmentation hindered
recognition, and those of other studies indicating that at a par-
ticular level, fragmentation improves recognition. For instance,
Snodgrass and Feenan (1990) showed that complete objects were
better primed by moderately fragmented objects than very frag-
mented and complete objects. This priming effect, which can be
considered a preliminary phase to the access of the memory trace
(Voss, Baym, & Paller, 2008), was speciﬁcally perceptual as it oc-
curred between physically matched objects but not between
primes and targets sharing only conceptual attributes (e.g., pic-
tures vs. words) (Snodgrass & Kinjo, 1998). According to Kinjo
and Snodgrass (2000), moderately fragmented stimuli create a
stronger priming effect than complete stimuli because they beneﬁt
from an active mode of perception where subjects complete men-
tally the stimuli. In the present study, subjects likely achieved such
Fig. 2. Behavioral performances. Percentages of encoded ﬁgures correctly classiﬁed as symmetric and asymmetric as well as reaction times are presented in the left panel as a
function of subsequent recognition. Hit rates and reaction times to the recognition task are presented in the right panel. Note that all ﬁgures were presented complete during
recognition. Conditions refer to the level of fragmentation of ﬁgures when presented during encoding.
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effort since they had to imagine the ﬁgures in their complete ver-
sion while performing the symmetry task during encoding. This ef-
fort was probably the same across all levels of fragmentation and
was probably insufﬁciently activated, given the low level of frag-
mentation, to improve subsequent recognition.
One may have noticed that the behavioral performances and the
occipito-temporal Nfrag were not modulated similarly across the
conditions of fragmentation. Accuracy and reaction times were in-
deed modulated as a function of fragmentation in contrast with the
occipito-temporal Nfrag, which only differed between complete and
fragmented conditions. The long duration of stimulus presentation
might be responsible for the discrepancy between the behavioral
and ERP effect as it encouraged more extended cognitive process-
ing that relates to behavior but was not captured by the ERP re-
sponse within the Nfrag time-window. As for the reaction times,
they were statistically indistinguishable between the complete
and Frag-0% conditions, thus suggesting that discriminating sym-
metric from asymmetric ﬁgures was as easy with complete ﬁgures
as with slightly fragmented ﬁgures. A similar conclusion was pro-
posed by Boucart and colleagues (1994) (Boucart & Bruyer, 1991),
Fig. 3. Grand averaged ERPs (n = 24) evoked by the four conditions of fragmentation.
Fig. 4. Grand averaged ERPs (n = 24) evoked by the fragmentation levels as a function of subsequent recognition.
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after showing that participants were not signiﬁcantly impaired by
slight fragmentation while completing a sample-matching task. In
their study, slight fragmentation was achieved with gaps of lengths
equal to 40% of the fragments’ lengths. Gaps started to affect the
matching at 100% of the fragments’ lengths. In the current experi-
ment, the length of gaps in Frag-0% ﬁgures was 70%, and thus likely
not high enough to hinder performance. Moreover, one must con-
sider the fact that symmetry was not changed by the fragmenta-
tion in the Frag-0% ﬁgures. Fragments were indeed all placed in
mirror image fashion. Removing fragments, such as in the Frag-
15% and Frag-25% conditions, disrupted this symmetry and thus
explains why reaction times were increased in these conditions.
4.2. The effect of fragmentation on memory recognition
The way the occipito-temporal Nfrag effect was changed by sub-
sequent recognition has several implications on the interpretation
of the processes underlying this ERP component. These processes
are unlikely to reﬂect some sort of closure or ﬁlling-in process
(Doniger et al., 2000) because in such a case it would have been
larger for stimuli that were subsequently recognized. Stimuli that
are perceptually closed are more physically similar to complete ﬁg-
ure (Snodgrass & Hirshman, 1994) and as a consequence they
should be retrieved from memory more easily when presented in
their complete version during the recognition phase. An alternative
interpretation is that the occipito-temporal Nfrag effect reﬂects an
effort to manage fragmentation and the requirement for additional
brain resources. These resources would sometime be sufﬁcient to
manage fragmentation, but they could sometime fail and lower
the chance of later recognition, thus explaining why the Nfrag effect
was limited to subsequently forgotten stimuli. According to Schendan
and Kutas (2002, see also Pietrowsky et al., 1996; Stuss et al., 1992)
this effort could be the search for hypotheses regarding the global
structure of the ﬁgures. Such search necessarily comes with longer
reaction times, which were not observed for the Frag-0% ﬁgures,
although it elicited an occipito-temporal Nfrag. A conclusion solely
based on the search for hypotheses assumption might thus be
premature. The occipito-temporal Nfrag may alternatively reﬂect
modiﬁcations at the phenomenological level (Brodeur et al.,
2008a). These modiﬁcations would be necessary to elaborate the
percept as it is experienced and would warrant its representation
being kept in memory. All fragmented ﬁgures would activate these
modiﬁcations but only the Frag-15% and Frag-25% ﬁgures would
rely on them to be discriminated as a function of their symmetry.
In contrast, because the global shape of the Frag-0% ﬁgures was not
altered, symmetry could be easily and quickly determined without
having to rely on the ﬁnal phenomenological output. This explana-
tion is consistent with the way the Nfrag and the occipito-temporal
Nfrag were modulated across the conditions but it is undermined by
the absence of an occipito-temporal Nfrag effect for the ﬁgures that
were subsequently recognized.
Shedding lights on the absence of an occipito-temporal Nfrag ef-
fect to subsequently recognized ﬁgures is the key to a comprehen-
sion of the occipito-temporal Nfrag effect. One likely reason for this
result may relate to the attribution of semantic value to many ab-
stract ﬁgures. As mentioned in the methods, standardization of ﬁg-
ures showed that each stimulus was rated meaningful only by an
average of 14% students. However, we can assume that in the con-
text of a difﬁcult task requiring subjects to memorize stimuli, this
average would be substantially higher. The encoding of ﬁgures
beneﬁciating from semantic association will likely require less
fragmentation processing and will also likely be better recognized.
On the other hand, ﬁgures subsequently forgotten may include
those for which subjects found no semantic value and which
encoding largely depends on the processing of fragmentation. Such
encoding strategy is not as efﬁcient as an encoding strategy based
on semantic association (Voss, Schendan, & Paller, 2010). Accord-
ingly, it will systematically lead to a higher forgetting rate of stim-
uli in the recognition task. The occipito-temporal Nfrag effect may
thus essentially be evoked by meaningless stimuli (i.e., forgotten
stimuli) and be prevented by semantic association (i.e., subse-
quently recognized stimuli).
It is noteworthy that the modulation of the occipito-temporal
Nfrag effect as a function of subsequent recognition was partly dri-
ven by complete ﬁgures which evoked more positive ERPs when
subsequently forgotten than recognized. It has long been known
that ERPs can be modulated as a function of subsequent recogni-
tion (Sanquist, Rohrbaugh, Syndulko, & Lindsley, 1980). This effect,
called Dm (i.e., difference due to memory), is generally reﬂected by
more positive voltage over the frontal area for stimuli that are sub-
sequently recognized (Paller, Kutas, & Mayes, 1987), a ﬁnding con-
trary to the modulation found with the present complete ﬁgures.
This discrepancy can be explained by the abstractness of the pres-
ent stimuli. The Dm effect is generally obtained with semantic
stimuli, such as words and pictures of objects (Duarte, Ranganath,
Winward, Hayward, & Knight, 2004; Friedman & Johnson, 2000;
Fig. 5. Grand averaged ERPs (n = 24) evoked by the subsequent recognition as a
function of fragmentation.
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Paller, McCarthy, & Wood, 1988). When using meaningless stimuli,
the Dm effect either disappears or takes an opposite direction. For
instance, Van Petten and Senkfor (1996) reported a Dmwith words
but not with abstract ﬁgures. Otten and colleagues (2007) de-
scribed the Dm to nonwords as a negative-going waveform modu-
lated in opposite direction to what was observed with words.
Fig. 5 shows a signiﬁcant Dm with the complete ﬁgures, no Dm
with the Frag-0% and Frag-15% ﬁgures, and a signiﬁcant inverted
Dm with the Frag-25% ﬁgures. These modulations must however
be interpreted with caution, because they result not only from the
inﬂuence of the subsequent memory effect but also from the
fragmentation processing activated by forgotten ﬁgures at various
degrees across conditions. The Dm is a positive-going effect
which disappears once combined with the negative-going occipito-
temporal Nfrag activated by the Frag-0% and Frag-15% ﬁgures. It is
even overruled by the occipito-temporal Nfrag with the Frag-25%
ﬁgureswhich requiremore fragmentationprocessing than the other
ﬁgures. Accordingly, the ERP effects to subsequent recognition are
driven both by the subsequent memory effect and fragmentation
processing.
In conclusion, stimuli evoking occipito-temporal Nfrag will likely
be more forgotten than stimuli requiring no such activity. In the
present study, the occipito-temporal Nfrag may reﬂect the process-
ing of fragmentation that could not be prevented by attributing
meaning to the stimuli. ERPs to fragmentation are thus predictive
of memory recognition. It is, however, important to recall that
the use of abstract ﬁgures and the variation of fragmentation with-
in the limits of recoverability had important inﬂuences on the
modulation of the occipito-temporal Nfrag. Further testing may thus
be necessary before concluding that such modulation would be ob-
served with fragmented pictures of known objects presented
according to the ascending method of limits.
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